The non-renewable energy resources are limited and depleting gradually. As such, energy security has attained the greatest amount of attention globally than ever before. In the meantime, energy crises are already affecting the developing countries such as Pakistan, even though one-third of the population of the country is not even not connected to the national electricity grid. The population with access to on-grid electricity is enduring load shedding of more than 12 h a day. This situation is alarming and require immediate attention is required so as to add alternative energy resources to the country, which has long been relying on imported fuels. It is, therefore, high time that the abundant potential in the renewable energy resources of Pakistan such as solar, wind, and biomass are harnessed. These renewable energy resources are economical and environmentally friendly, and thus considered as sustainable, and the utilization of these in meeting energy demands can help to conserve conventional resources early diminishing. This paper provides a detailed description of the energy consumption and load-shedding scenario in Pakistan thereby focusing specifically Sindh and Baluchistan provinces. Since, wind energy is considered one of the cost-effective renewable resources, six potential sites in these two provinces are considered in this study. These sites lie within 250 km of the southeastern and 800 km of the southwestern regions of Pakistan. One-year wind speed data have been reported for variable heights of these proposed sites which represent to have an annual average wind speed of 6.63 m/s and 5.33 m/s respectively. The power generation data for these location of two provinces is 7.653 GWh, and 5.456 GWh per annum respectively. This study also elaborates on the advantages and disadvantages of harvesting and installing the wind energy and provides a technical proposal for the generation of electricity from the wind in the selected remote zones which are off the national grid. The findings of this paper will help concerned government departments to devise appropriate policies and attract investment in the wind energy sector to eradicate the on-going electricity crisis.
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Power Electricity Generation, Demand and Deficit Forecasts
Pakistan, currently with neighbouring countries such as China, is currently facing energy supply deficiency issues. It is predicted that failing to tackle this situation will intensify this crises [21] . It can be seen in Figure 5 that, during the period 2012-2015 period, the electricity crisis situation has worsened at a growth rate of 3% per year. Figure 6 represents the energy consumption in various sectors. As evident from the Figure 6 , the energy consumption for the domestic sector, compared to other sectors of the economy, is at a maximum. Meanwhile, the commercial sector shows the minimum energy consumption [11, 17] . 
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Wind Energy Outlooks
It is acknowledged by the United States Department of Energy and National Renewable Energy Laboratory (NREL) that Pakistan has an approximately 346 GW potential as shown in Figure 7 [22] . However, this generation potential was estimated to be around 0.5 TW by the end of 2016. The wind speed in the coastal wind zones of Sindh Province is approximately 5-12 m/s [22] . As such, these coastal zones have some abundant resources for wind energy that are estimated to be about 20 GW, which suggests that this province has enormous potential for wind energy, which, upon harnessing, could help in eradicating the electricity crisis [23] . Additionally, the utilization of these renewable energy resources will lead to various job openings, prosperity and community development in the province. 
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Energy Strategy Outlooks
There are multiple efforts underway by the Government of Pakistan to eradicate the ongoing electricity crisis. However, these efforts owing to unclear goals and diversified strategies with reliance on imported fuel, short term planning, and, more importantly, poor governance, have not met the expectation of the power consumers. Some of these initiatives pertaining to the construction of mega dams appear positive but yet at the cost of compromising investments in indigenous renewable energy projects, which can be completed on fast track basis compared to slow paced dam projects. For example, wind energy based micro-grids can offset the electricity demand of domestic and other users (based on various reports detailing the cost of wind energy power generation compared with other power generation sources) [24, 25] . In this context, it is also important to reference the various reports of international agencies and financing institutions such as ADB, World Bank and NREL which have been supportive of investments in renewable energy based power projects. Although, the government has set various targets for the addition of renewable power to the grid, this has not been achieved over the years. It was ensured in the national renewable energy policy of 2012 that a 3% share of renewable energy should be ensured in the overall energy mix, in the following years. As such, 2% of the annual development budget was allocated to the development of Alternate Energy Technologies (AETs) and to connecting the AETs based power to the national grid. In consonance with these efforts, Government of Sindh (GoS) have also undertaken various renewable energy projects that are now in different stages of development, some of which have been completed.
Various wind energy development projects of Sindh province are shown in Table A3 (see Appendix A).
Global Investment in Green Energy
There is a growing trend globally to utilize renewable energy resources that are generally emission-free instead replace the fossil-fuel-based conventional resources. This change in thought has a certain logical basis. On the one hand, the conventional energy resources are diminishing and causing global warming, but on the other hand, the market prices of these resources are volatile. Pakistan has also taken the initiative in this context: a 0.1 GW solar photovoltaic project in the district of Bahawalpur in Punjab was undertaken in 2015 [26] . In 2011, various countries spent their highest revenues on the development of renewable energy resources [27] . The global investment in renewable energy development for 2004-2014 periods is shown in Figure 8 .
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Proposed Sites for Wind Turbine Installation
As regarding Pakistan, according to the surveys, the total area of the country is approx. 796,095 km 2 , including the water region whereas the land area is about 77,085 km 2 . The coastal line area of Pakistan is almost 1100 km. However, wind zones are mainly in an area of 250 km in Sindh and Baluchistan, which having 800 km of coastal area. This paper mainly considers mainly six coastal zones in the southeastern and easteastern part of the Pakistan. The selected wind corridors of Sindh Province are Hyderabad, Jamshoro, Kati-Bandar, Noori Abad, Chuhar Jamali and Thano Bola Khan, and Gadani, Jiwani, Hubchoki, Aghore, Winder, and Gawader fall within Baluchistan Province (see Figure 12 ). The data for these selected zones is taken from Pakistan Metrological Department (PMD). According to the international standards, a few points that should be kept in mind when selecting a suitable zone for installing wind towers are as follows:
 The wind tower should be kept far away from the local barrier to the wind,  The selected area should be in the greater part of the zone regarding wind energy.
The wind velocity data of the selected zones was scrutinized and authenticated uninterruptedly on at least an hourly basis for different heights such as 10 m, 30 m and 50 m, as shown in Table 1 , with an anemometer for all locations [34] . 
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Theoretically Studies
Wind Potential Model
The consequential dual wind speeds, for the assessment of maximum wind energy potential, were obtained from [35] [36] [37] . As such, the wind potential model can be described as:
where V ω  is the maximum wind energy, & k C ′ is the dimensionless factor and C is the Weibull factor.
Average Wind Speed Deviation Model
At most of the locations, the wind speed changes with an altitude which primarily depends upon terrain roughness and mixing of the atmosphere [38, 39] .
The wind speed deviation can be described as: 
Wind Power Density Model
The wind power density estimates the output side of the wind turbine through a suitable base region which is described as follows 
where ρ is the air density (kg/m 3 ), R is the turbine blade length (m), t ω is the turbine speed (radian/s), t P is the turbine power, and p C is the power coefficient. It is well-known for simulation purposes that the aerodynamic rotor turbine efficiency is expressed according to the Betz law. The theoretical and practical limits of p C are from 1/5 to 2/5 and from 2/10 to 4/10 , respectively.
Moreover, in Equation (3) 
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Wind Potential Model
where V ω is the maximum wind energy, k & C is the dimensionless factor and C is the Weibull factor.
Average Wind Speed Deviation Model
The wind speed deviation can be described as:
where V avg 2 & V avg 1 are the average wind speeds at an altitude h 2 & h 1 , and the exponent power n is the land surface roughness atmosphere stability. The maximum and minimum limits of n are 1/2 and 1/20 [40] :
Wind Power Density Model
The wind power density estimates the output side of the wind turbine through a suitable base region which is described as follows :
where ρ is the air density (kg/m 3 ), R is the turbine blade length (m), ω t is the turbine speed (radian/s), P t is the turbine power, and C p is the power coefficient. It is well-known for simulation purposes that the aerodynamic rotor turbine efficiency is expressed according to the Betz law. The theoretical and practical limits of C p are from 1/5 to 2/5 and from 2/10 to 4/10 , respectively. Moreover, in Equation (3), λ c is the tip speed ratio and characterised as follows, considering the pitch angle at zero degrees, is characterized as follows :
The monthly/yearly power density defined as the ratio of wind power density per unit area of a turbine at a specific wind zone and expressed as follows [42, 43] :
where P avg.wT is the average wind turbine power. The average output wind power is a key factor compared with the rated power. This calculates the output energy from a period that influences the cost-effective probability of a wind power generation scheme. However, various wind machines show different behaviours for the output power curves (see [27, [44] [45] [46] [47] ). Equation (6) is used for simulation purposes with the mechanical turbine.
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According to the international standards, it is necessary to develop simpler wind potential classifications in detail as shown in Table 2 . The different classification parameters are wind speed (m/s) and wind power density (watt/m 2 ) at an altitude of 10, 30 & 50 m of the wind turbine. With the help of Table 1 , wind corridor development could be undertaken for the proper installation of larger is the gamma function [42, [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] .
According to the international standards, it is necessary to develop simpler wind potential classifications in detail as shown in Table 2 . The different classification parameters are wind speed (m/s) and wind power density (watt/m 2 ) at an altitude of 10, 30 & 50 m of the wind turbine. With the help of Table 1 , wind corridor development could be undertaken for the proper installation of larger wind power plant. Moreover, Section 4, considered the future of the developing countries, and the Sections 1 and 2, designed for smaller wind turbine unit [58] . 
Comparative Study of Proposed Sites with International Standards of Wind Power
Based on generally accepted rule of thumb (i.e., 1 km 2 = 5 MW), it has been investigated that the proposed sites have enormous potential for power generation as shown in Table 3 ). Additionally, the windy region percentage is estimated by the land region (excluding water region). However, it is observed that the proposed sites compared with international standards fall from in the 3rd (moderate) to the 7th (excellent) class as shown in Table 3 . Table 3 assesses Pakistan's most renowned windy zone potential in arithmetic terms. It is evident from this information that Pakistan has a total of more than 9% of plot area which is most appropriate for convenience scale power plants applications based on wind turbines. The total wind power capacity from the proposed sites is 88.460 GW and 146.145 GW in Sindh and Baluchistan, respectively. It has been documented that approximately 3.5% of the plot, which falls in Class 4 or above would be the main required for cost effective electricity generation from wind source (see in [59] . In fact, this is the clear requirement that Pakistan needs to meet on an urgent basis to effectively exploit this enormous potential that does in fact meet international standards. 
Hypothetical Study of Wind Power
In this hypothetical study, wind turbines manufactured by a German company GmbH Bonus 600/44 MK IV type has been considered for power generation. The expected life of such a turbine is around 20 years, which has the highest potential of a 0.6 MW cut-in and cut-off wind velocity of 3 m/s and 25 m/s, for a 50 m hub-height, with a turbine rotor with three blades and 44 m diameters. The analytical wind data have been simulated using MATLAB to estimate the approximate results. As such, only one year of data was used to simulate the monthly and annual capacity factor from the six selected different wind corridors of Sindh and Baluchistan province for the estimation of output electric output power at 50 m wind turbine hub heights.
Result and Discussions
In this study, the several factors, of proposed wind power station sites, such as the average monthly and the average annual value of standard deviation, wind power density, the significance of C and k' respectively at 10 m, 30 m and 50 m wind turbine heights, respectively, have been considered (see Table A1 ). However, the greater value of factor C indicates a grater probability of high wind speed. Similarly, higher values of factor k' indicate that the wind speed is uniform. It is evident from Table A1 , that both factors C and k' take large wind data values from the 4th to the 9th month of the year, which was collected from the selected wind zones of this study.
Proposed Site 1: Sindh
The following sites are proposed for generating electrical power in MWh units. The capacity factors, which play an important role during the installation of wind turbines, are represented in percentage, both monthly or annually for 50 m heights only (please refer to Table A2 for detailed analysis at 10 m and 30 m heights). The MWh generation and capacity factor determined are shown in Figures 13 and 14 , respectively. It is concluded that, for Proposed Site 1, in the selected wind zones, approximately 7.653 GWh units can be generated annually, which can substantially help to reduce the supply-demand gap.
Sustainability 2017, 9, 1611 13 of 31
Result and Discussions
Proposed Site 1: Sindh
(g) Figure 13 . (a-f) Monthly and (g) annual average MWh generation from different wind zones (Sindh province). Figure 14 . From (a-f) shows monthly and (g) annual average capacity factor from different wind zones (Sindh province).
Proposed Sites 2: Baluchistan
Similarly, two sites in Baluchistan are proposed for generating electrical power in MWh, and capacity factors are requested in percentages on a monthly and annual basis at 50 m heights only (Please see Table A2 for a detailed analysis at 10 m and 30 m heights), as is visualized in Figures 15  and 16 , respectively. It is concluded from the analysis that, for the selected wind zones, an electricity generation of 5.456 GWh units is estimated. The annual capacity factor for the two sites of the Baluchistan is approximately 104 %. Finally, it is concluded that the monthly power generations for the selected wind zones is workable and may be implemented for the rest of the wind zones of the. Figure 15 shows the wind power generation pattern for the two sites of Baluchistan province with the maximum power generation noted from March to September. 
Similarly, two sites in Baluchistan are proposed for generating electrical power in MWh, and capacity factors are requested in percentages on a monthly and annual basis at 50 m heights only (Please see Table A2 for a detailed analysis at 10 m and 30 m heights), as is visualized in Figures 15 and 16 , respectively. It is concluded from the analysis that, for the selected wind zones, an electricity generation of 5.456 GWh units is estimated. The annual capacity factor for the two sites of the Baluchistan is approximately 104%. Finally, it is concluded that the monthly power generations for the selected wind zones is workable and may be implemented for the rest of the wind zones of the. Figure 15 shows the wind power generation pattern for the two sites of Baluchistan province with the maximum power generation noted from March to September. 
Proposing High Voltage Direct Current Transmission System for Remote Zones
The design of wind turbines depends on standard techniques and tools employed for larger scale wind turbine plants. However, small turbines have varying features due to their field of application. This study, however, has considered the economic impacts of the installation of wind turbine systems in remote zones, as proposed in the literature [60] . It may be noted that various sites of wind zone including Proposed Site 2 (Baluchistan), of this study are located far away from the existing power transmission network, therefore, a new power transmission network is required essentially for the dIspatch of generated electricity. The nearest 220 kV grid station is located approximately more than 700 km away and is controlled by the Karachi Electric Supply Company (KESC). In order to reduce the transmission losses, it is proposed that an HVDC transmission line project should be implemented. The HVDC lines provide solid control of both active and reactive power. Furthermore, the WECS and the central power network are asynchronously coupled, as the generators installed at the plant do not play a role in accommodating short circuit currents in the central power network [61] . The greatest benefit of HVDC assembly is a power transfer in bulk by comparatively a reduced number of conductors. The bi-polar structure is relatively preferred, with double self-regulating power poles in the case of HVDC conduction instead of a dual circuit scheme in an AC transmission system.
The Proposed Wind Model Integration with a Country Central Power Network
The proposed network design for linking the main grid to the WECS installed in remote zones is shown in Figure 17 . For the conversion of the variable frequency (VF) and variable voltage (VV) to a fixed frequency (FF) and fixed voltage (FV), a modulated matrix converter can be installed at the output of each wind turbines. In order to increase the voltage magnitude of the plant at high frequencies, power transformers must be installed. A voltage source converter (VSC) based plant side HVDC connection with a transformer is proposed for converting high frequency AC voltages to high voltage DC at a voltage level of ±300 kV. A bi-polar configuration is used for connecting WECS to the central power network. A huge financial saving can be achieved through high voltage DC by avoiding tapping along the transmission route. A DC-to-AC converter is installed at main grid station for the conversion of HVDC to 220 kV AC voltage at a constant frequency (i.e., 50 Hz). Basically, this type of inverter provides a flat interconnection of wind power plants to the central power network along the countryside. In addition, the harmonic content in output waveforms is improved through voltage source converter (VSC) in the high voltage DC-link, and there is an improvement in the power factor improvement and a reduction in filter size. Moreover, output waveforms can be improved further by installing filters at effective grid stations for reduce harmonics content in output AC waveforms [61] . Finally, it is concluded that the proposed converter is especially appropriate for wind power station in remote zones. With the advances in technology, and the addition of extra loads on the power grid, power demand around the globe is increasing tremendously. However, building an extra transmission line and power substation alone does not serve the purpose of overcoming energy/power shortfall. Thus, a major transformation in the electricity sector is required. Therefore, a few recommendations are needed so as to shift the country's conventional grid system to the smart grid which will also be helpful in terms of installing the wind turbines in the remote zones [62] . 
Challenges Faced During Implementing of Wind Turbines
The electricity shortfall of Hyderabad Electric Supply Company (HESCO) and Quetta Electric Supply Company (QESCO) could be minimized by installing the windmill units along the coastal lines of the proposed wind zones. The load shedding of electricity currently ranges between 8 and 12 h in cities and more than 18 h in the villages of these distribution companies [63, 64] . Nevertheless, the installation of wind turbines faces certain challenges which are discussed as below.
Initial Investment
In the year 2009, K.D. Julia et al. [65] found that the initial investment of the installation of a wind turbine unit is very high compared to a conventional power plant. According to a New York Times report published in May 2015, the daily per capita income of the consumer is approximately $4.3, which is continually increasing on a daily basis [66], but is not conducive to the installation individual local wind turbines. Even the government faces hardships in managing the required funds for the development of such a project. The best way out of this situation would be either a publicprivate partnership or private investments. A competitive and fair process for the award of licenses would encourage investors.
Suitable Site Selection
A suitable site for the installation of wind power plant is an important aspect. For example, tall building structures are not appropriate due to the turbulence and shear of wind turbine units. Consequently, the output wind energy output is reduced by wind turbulence and shear [67] . The government of Pakistan (GoP), with the help of the Pakistan Metrological Department, has taken a keen interest in searching for suitable sites in the southern region of Sindh and Baluchistan. Such efforts would help in resolving wind power plant site selection.
Wind Output Power Quality
In the electrical power system, the quality of the power is very important, especially from wind power plants, owing to the uncertain wind speed. The irregular shape of the input in the wind turbine system diminishes the life of electrical machines and increases the losses [68] . Therefore, it is necessary to follow the IEC and other international standards for maintaining power quality while undertaking wind energy projects. Figure 17 . Proposed wind model integration with national power grid.
Generator
Challenges Faced During Implementing of Wind Turbines
Initial Investment
In the year 2009, K.D. Julia et al. [65] found that the initial investment of the installation of a wind turbine unit is very high compared to a conventional power plant. According to a New York Times report published in May 2015, the daily per capita income of the consumer is approximately $4.3, which is continually increasing on a daily basis [66], but is not conducive to the installation individual local wind turbines. Even the government faces hardships in managing the required funds for the development of such a project. The best way out of this situation would be either a public-private partnership or private investments. A competitive and fair process for the award of licenses would encourage investors.
Suitable Site Selection
Wind Output Power Quality
In the electrical power system, the quality of the power is very important, especially from wind power plants, owing to the uncertain wind speed. The irregular shape of the input in the wind turbine system diminishes the life of electrical machines and increases the losses [68] . Therefore, it is necessary to follow the IEC and other international standards for maintaining power quality while undertaking wind energy projects.
Low Frequency Noise
P. Nina and P. Jerry et al. [69, 70] demonstrated that the low-frequency noise has a negative effect on human health. Such type of noise effects on the human mind and body, therefore, need to be avoided. It is very important that one should strictly follow the international standards are strictly followed. Appropriate research may also help in suggesting a way out in this context by improving the mechanical designing of wind turbines.
Benefits to the Electric Power Distribution Company (HESCO & QESCO) and Utility Consumers
There are several benefits to the power companies such as HESCO/QESCO, as well as other DISCOs, and individual consumers, form installing large and small wind-turbine units, which are briefly summarised below [71] [72] [73] [74] [75] :
• A rise in power production capacity.
•
Reducing power losses in transmission lines.
Reduced CO 2 emission.
Fresh and pollution restricted air.
• Extra trustworthy power.
• Decrease in electricity tariffs.
• A roadmap to the smart/micro network.
Various Incentives for Foreign Companies
The government of Sindh (GoS) has shown great commitment to the developing wind energy projects and have devised various projects for realizing the maximum potential of this resource. The estimated potential of the Sindh province wind corridor is 50 GW around the coastal line with an average monthly wind speed of 8 m/s [76] . According to the renewable energy policy in 2006, GoS provided various incentives to attract the foreign companies to invest in wind energy projects [76] . Such incentives may also need to be announced the government of Balochistan and implemented appropriately to harness the wind energy resources. Key incentives which may be considered for wind energy harnessing projects are as follows: • 5 years wind speed data is available from several GoP sources such as, PMD, that estimates the accurate performance, direction, density, and power of wind energy output.
•
The implementation of complete wide-ranging tariff reles on a cost rated basis.
Fiscal incentive/motivation through zero income tax, in which the solitary involvement of local exchequer will be given a 7.5% withholding tax on dividends declared across the life of the project.
Conclusions and Recommendations
Based on the detailed analysis presented in this paper, the following conclusions can be drawn from this research:
• Monthly and annual average wind speed data from different wind stations are shown in Table A1 Considering WT classification, if the speed of wind of a given location is from 7. • Electrical units generated from the six selected wind zones from both proposed sites are enough to overcome the electricity shortfall situation in the country which is around 6 GW.
Therefore a few recommendations for the GoP have been put forward to minimize the electricity crises and enable the supply of electricity to rural areas.
•
On an urgent basis, the GoP must focus on national energy strategy projects that are low cost and requires minimum completion time to tackle the electricity crisis issues and furnish the required power of the country.
•
Conventional power plants are too old and have a power generation efficiency of 15%; thus, they should be maintained, and possible retrofits should be provided to enhance the power yield and to prevent technical and non-technical losses.
• Governing body systems of power companies (GENCO'S, NTDC, DISCOs) should be improved.
Power theft and other non-technical losses on the electricity distribution side must be reduced.
The GoS should coordinate with the GoP and related institutions to implement small home based windmill units in windy zones, especially in rural areas.
• 20% to 30% of losses are observed owing to the old and inefficient substructure of the power-grid, power-plants, and transmission/distribution lines, were observed. Following the global standards, these losses should be minimized.
The GoP, should motivate and provide suitable incentives to foreign companies/investors to focus on time-based completion of, for example, wind and solar projects.
The GoP should introduce research and development funds for alternative energy projects so that top-ranking national institutions and organisations can determine the best option in terms of introducing and disseminating the exploitation of alternative resources.
Finally, it is concluded with respect to outcomes that the selected zones of Sindh province with massive wind capacity should be considered for wind power generation plants. Therefore, it is urgent that the GoS and the GoP utilise these golden wind zones on an urgent basis by keeping per unit generation cost, as compared to the cost of conventional resources, at a minimum.
Future Research Directions
The following points are recognized and suggested for the researchers, scientists, and engineers especially from Sindh province working in the field of alternative/renewable energy.
• Important future developments in the research must require an effective strategy of evaluating the accuracy of wind energy generation systems. • Significant methods should be developed for predicting the wind speed.
•
Various up-to-date algorithms for software based probabilistic interpretation is needed for future research objectives.
More advanced software tools for sculpting, drawing, development, analysis, testing and justification of the abilities and modularity of a wind energy system should be integrated with the power-grid.
It is, therefore, concluded from this research study to further focus on safety, cyber security, minimum cost, feasibility, compliance, and monitoring.
Proposed Solutions for Future Recommendation
On the basis of ground realities, it can be estimated clearly that obliteration of ongoing energy crisis in Pakistan is extremely difficult by short term measures. However, these crises can be overcome for a temporary span of time by instigating and implementing measures suggested in this paper, which are summarized as follows.
Short-Term Solutions
To overcome the ongoing power crisis, the following short-term measures must be implemented immediately:
•
On an immediate basis, wind power plants must be installed. Because of their quick installation time and immense capacity in Southern Pakistan, a smooth flow of energy can be assured, and slight increases in the supply-demand gap can be prevented.
Many power stations in the country are currently non-operational due to because of minor faults. These can be made operational by, with the help of a little investment, refitting and making technical enhancements. The immediate need is to revive these units to save the economy from destruction.
Apart from the supply side, consumers also need to play their role in exterminating the crisis. In this context, the commercial sector must place limits on commercial centres, i.e., shopping malls, to close at 10 p.m. Energy saved in this way might transmit to other sectors of the economy.
Power theft is correspondingly a major cause of electricity shortfall and needs immediate measures must be taken for its eradication.
In agricultural and industrial sectors awareness campaigns should be initiated to adopt innovative and proficient techniques for conserving water and power utilization.
Long Term Solutions
Power consumption is mainly increasing due to the increasing number of domestic consumers and the growth in the industrial sector. As such, the following long term measures should be taken to ensure the continued supply to all other consumer groups as well.
• Pakistan ranks 3rd in the world in terms of coal assets, which are located in the southeastern region of Thar Desert (Sindh). Estimates suggest that that 33.0 trillion tons of coal is available in the Thar Desert. Pakistan's electricity crisis can be overcome by exploiting coal reserves for electricity generation. This can be a long-term solution for electricity generation. This power production is more economical as compared to thermal power production based on other imported fuels. The analysis also depicts that a more 0.2% usage of Thar coal can generate 20 GW of electricity.
•
To meet the increasing demand, another long-term measure is to construct more hydroelectric projects and nuclear plants in Pakistan. Several Chinese and Norwegian companies have asked the government to provide technical experts for consultation regarding the construction of dams. Apart from electricity generation, the creation of new water reservoirs would also be beneficial in terms of cutting-edge water storage, alleviating and growing problem of water shortage in the country.
The foreign policy of the country should be managed according to its economic and energy requirements. As it plays a vital role in long-term planning and goals. The government of Pakistan needs to improve the relations and establish ties with energy-rich countries for technical advancement and financial investment in the power sector.
Renewable Energy Potential Solutions
Short-term and long-term measures for electricity generation should be taken. Apart from this, renewable energy resources should be exploited to provide a possible solution for the eradication of Pakistan's power crisis. Pakistan's indigenous non-conventional resources and their potential have been discussed in detail. However, a brief overview of strategies for overcoming this electricity crisis is described below:
• Biogas: Pakistan is primarily an agronomic state with adequate livestock. Therefore, the country has the prodigious potential for energy production from biogas. The assessed possibility of power generation by biogas is nearly 8.8 to 17.2 billion m 3 (almost equals 55-106 TWh of energy, for meeting Pakistan's existing overall power necessities). This demonstrates that approximately 5700 GWh, i.e., 6.6% of Pakistan existing power generation of electricity could be generated through biogas.
• Wind potential: Total potential for wind power generation is above 300,000 MW. To increase the generation of electricity and for meeting the demand, wind energy potential can be effectively exploited. 
